Abstract
Introduction
Primary malignant bone tumours are defined as tumours originating in bone. These malignancies are rare, and account for only 0.2% of all cancers. 1 By comparison, breast cancer is the most common malignancy in women, accounting for 25% of all cancers. 2, 3 Despite the rarity, the consequences of malignant primary bone tumours are grave and they are typically associated with high morbidity and mortality. 4 The scarcity of these tumours combined with the lack of a national database contributes to the lack of South African epidemiological data regarding primary malignant bone tumours. The National Health Laboratory Services has published tumour data based on histological diagnosis. The latest tumour statistics are from 2010 and broadly group all tumours under the heading 'bone'. The lab processed 177 samples during 2010 of which 96 were male and 81 female. Unlike our study, this includes haematological tumours affecting bone including myeloma and lymphoma. 5 Orthopaedic oncology surgeons in South Africa currently rely on international epidemiological data concerning tumour epidemiology, and statistics from North America and the United Kingdom are frequently referenced. 1, 6 Data from the American Cancer Society suggest that chondrosarcoma is the most common primary malignant bone tumour affecting adults (40%). Osteosarcoma, chordoma, Ewing's sarcoma and fibrosarcoma follow at 28%, 10%, 8% and 4% respectively. 1 Reports from the United Kingdom quote osteosarcoma as the most frequently encountered tumour (34.2%) followed by chondrosarcoma and Ewing's sarcoma at 27.2% and 19.3% respectively. 6 Epidemiological data from Nigeria report osteosarcoma as their most common malignancy (58.9%), followed by chondrosarcoma (21.4%), fibrosarcoma (8.9%) and Ewing's sarcoma (7.2%). 7 The above data clearly demonstrates variance in tumour incidence between geographic regions.
The aim of this study was to determine the relative incidence and describe the demographics of primary malignant bone tumours diagnosed at a South African tumour unit. This retrospective review aims to establish demographic data for primary malignant bone tumours in South Africa.
Materials and methods
We retrospectively reviewed all patients diagnosed with malignant primary bone tumours at our institution from January 2008 and June 2015. Ethical approval was obtained from our institution's ethics review board prior to commencement of the study. Eligible patients were identified from a prospectively gathered database. Patients were included if they had a biopsy-confirmed diagnosis of primary malignant bone tumour. Patients with multiple myeloma and lymphoma were excluded.
All patients were admitted for local and systemic staging, which was followed by an incisional biopsy. Local staging consisted of radiographs and a magnetic resonance imaging (MRI) scan. Systemic staging included workup for medical co-morbidities, laboratory investigations, computerised tomography (CT) scan and bone scintigraphy. Histology was obtained by formal incisional biopsy in all cases. Diagnosis was subsequently confirmed by combined radiological and histological evaluation. Patient charts were reviewed and data extracted pertaining to patient demographics, tumour location and histological diagnosis.
Statistical analysis was performed using Stata 13.0 (StataCorp. College Station, Texas). Continuous variables were reported as mean (± SD) or mean (with interquartile range) and categorical variables as numbers and percentages, unless otherwise stated. Categorical data was compared using the Fisher's exact test. All tests were twosided and the level of significance was set at p < 0.05.
Results
One-hundred-and-seventeen patients met the inclusion criteria. Eighteen patients with multiple myeloma and seven patients with lymphoma were excluded.
Figure 1. Primary malignant bone tumour anatomical distribution
The final cohort consisted of 64 men and 53 women with a mean age of 23.8 years (range 5 to 69). Eighteen patients (15.4%) were confirmed to be HIV positive, 95 patients were negative, and the HIV status of four patients was unknown. The majority of tumours (88.9%) were located in the pelvis and lower limbs, and 80% of all tumours were confined to four anatomical areas, namely the distal femur, proximal tibia, proximal humerus and pelvis ( Figure 1 ). Osteosarcoma was diagnosed in 85 patients, followed by chondrosarcoma (n=13), Ewing's sarcoma (n=11), fibrosarcoma (n=5), malignant giant cell tumour (n=2) and adamantinoma (n=1) ( Table I) .
Osteosarcoma
Osteosarcoma was the most common primary malignant bone tumour and accounted for 72.6% of all cases. There was a slight male predominance with a male-to-female ratio of 1.1:1. Mean age at diagnosis was 21 years (range 6-56). The incidence failed to show a bimodal age distribution and only had a single peak during adolescence (15-19 years) ( Figure  2 ). The majority of osteosarcomas (78.8%) arose around the knee with 38 out of 85 (44.7%) involving the distal femur and 29 out of 85 (34.2%) involving the proximal tibia ( Figure 3) .
Histological variants consisted of 73 (85.8%) high grade intra-medullary (conventional), four periosteal (4.7%), four telangiectatic (4.7%), three high grade surface (3.9%) and one parosteal (1.4%) osteosarcoma (Table II) . Conventional osteosarcomas were histologically further subdivided into 55 (75.3%) osteoblastic, 15 (20.5%) chondroblastic and three (4.1%) fibroblastic variants.
Juxta-cortical lesions were the most common osteosarcoma variant. Periosteal osteosarcomas were diagnosed in two women and two men and accounted for 4.7% of all osteosarcomas. Median age at presentation was 18 years (range 8-30). All four tumours arose from the proximal tibia. High grade surface lesions were diagnosed in three patients (3.9%). All three patients were women with a median age of 33 years (range 23-40). Two patients were HIV positive. All three tumours were located around the knee with two arising from the distal femur and one from the proximal tibia. A single (1.4%) parosteal osteosarcoma was diagnosed in the distal femur of a 24-year-old HIV-positive man.
Telangiectatic osteosarcoma was seen in four (4.7%) patients. These included two men and two women. Median age was 26 years (range 14-40). Two lesions were located in the distal femur and two in the proximal humerus.
Our data failed to show any significant association between HIV infection and conventional osteosarcoma (p=0.268), juxta-cortical lesions (p=0.086), high grade surface lesions (p=0.342) or telangiectatic osteosarcoma (p=0.068). When patients whose HIV status was not known were excluded, however, a significant association between HIV infection and high-grade surface osteosarcomas was observed (p=0.050). 
Chondrosarcoma
Thirteen patients (11.1%) were diagnosed with chondrosarcoma. These tumours were more common in men with a male-to-female ratio of 1.6:1 and exhibited a trend of increased incidence with advancing age (mean 39.2 years, range 15-65) (Figure 4) . The most common location was the lower limb (tibia, femur, fibula), accounting for 53.8% of cases followed by three tumours in the upper limb (humerus, radius) and three in the pelvis ( Figure 5 ). 
Ewing's sarcoma
Ewing's sarcoma was diagnosed in 11 patients (9.4%). These tumours occurred exclusively during the first two decades of life with a mean age of 13.2 years (range 5-20) at time of diagnosis ( Figure 6 ). There was a male predominance with a male-to-female ratio of 1.75:1. The most common primary site was the lower limb (90.1%), with the tibia being involved in five cases, femur in four cases and foot in one case. The remaining case involved the radius (Figure 7 ).
Spindle cell sarcoma
Spindle cell sarcoma was diagnosed in five patients (4.2%). This group was composed of three fibrosarcomas and two undifferentiated sarcomas of bone. Three men and two women with a median age of 46 years (range 9-63) were affected. The lower limb (tibia, femur, foot) was most commonly involved (80%) followed by a single occurrence in the humerus.
Malignant giant cell tumour of bone (GCT)
Malignant GCT of bone was diagnosed in two patients (1.7%). These tumours occurred in a 36-year-old man and 63-year-old women and involved the proximal tibia and distal ulna respectively.
Adamantinoma
A single patient was diagnosed with an adamantinoma. This tumour was located in the midshaft of the tibia of a 34-year-old HIV-positive woman. Our data failed to show any significant association between HIV infection and the incidence of any primary malignant bone tumours (p=0.698).
Discussion
This retrospective review represents novel demographic data for primary malignant bone tumours from a developing region in South Africa. While overall tumour statistics grossly mirror international data, significant differences were observed. Osteosarcoma was the most frequently diagnosed tumour, in keeping with international statistics.
The relative incidence of osteosarcoma compared to other primary malignant bone tumours, however, was higher than in previous reports. Osteosarcoma made up 73% of all tumours compared to 40%, 34%, 60% and 59% in the US, UK, China and Nigeria respectively. 8, 9 The incidence of osteosarcoma in our cohort was more than double that of the UK. It is notable that the incidence of osteosarcoma is higher in developing countries than their developed counterparts. A possible explanation for this discrepancy is the younger average age of the population in those countries. The average age of the populations in Nigeria and South Africa are 18 years and 25 years respectively, compared to 36 years and 40 years in the US and UK. 10 A higher incidence of HIV infection in South Africa compared to these other countries might also influence the incidence of osteosarcoma but further research into this association is required. 11 The lower average population age could also explain why our data failed to show a bimodal age distribution, with only a single peak identified in adolescence. 12 This difference in relative incidence is worth further investigation. If the difference cannot be explained on the basis of population age difference alone, it could imply that certain socio-economic factors contribute to the development of osteosarcoma.
Chondrosarcoma represented the second most common tumour at our institution. This tendency was also reflected in the literature from the US, UK, China and Nigeria. The incidence in our cohort, however, was significantly lower than in other geographic regions, with chondrosarcoma accounting for 29%, 27%, 16% and 21% of primary malignant bone tumours in the US, UK, China and Nigeria 9 respectively. The discrepancy in observed incidence may again be a reflection of the relative age differences of the reported populations as chondrosarcoma typically affect older patients. A trend of increased incidence of chondrosarcoma with advancing age was also demonstrated in our data. International literature reports a high incidence of chondrosarcoma located in the pelvis; however, in our study this was less frequent than in the tibia.
The incidence of Ewing's sarcoma varies significantly in published literature. The highest incidence was reported from the UK (19%), compared to only 4% from China. Our results fall within this range and accounted for 9% of all primary malignant bone tumours diagnosed. Ewing's sarcoma's predilection for the long bones of the lower limb was mirrored in this series.
Tumour location also differed from published data. The top anatomical locations in our data was the distal femur (33%), proximal tibia (24%), humerus (7%) and pelvis (6%). By comparison, data from the Mayo Clinic and JST Hospital (China) revealed the distal femur (25% and 42.3%), tibia (9.6% and 19.6%) and pelvis (14% and 11%) as the top three anatomical locations.
Several limitations are identified in our study including its retrospective design and single centre cohort. The vast majority of our patients were of African descent and this might skew the findings. This study presents novel data from South Africa but the sample size is relatively small compared to similar series from the US, Europe and China. Although the associations between HIV infection and sarcomas were reported, this study was not specifically designed to identify these associations. We hope that this research stimulates other similar studies elsewhere in the country, eventually yielding a sample size as large as other centres.
Conclusion
Differences in the relative incidence of certain malignant primary bone tumours, in comparison with European, American, Nigerian and Chinese populations, were identified. An especially high incidence of osteosarcoma and correspondingly low incidence of chondrosarcoma was noted in our patient cohort. More research into the possible reasons for the apparent increase in the relative incidence of osteosarcoma is warranted.
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